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(Abstract.)
This paper treats of the induction of electric currents in an ellipsoidal sheet of conducting matter whose conductivity per unit area varies as the perpendicular from the centre on the tangent plane, or (say) in a thin shell of uniform material bounded by similar and coaxial ellipsoids. The method followed is to determine in the first instance the normal types of free currents. In any normal type the currents decay according to the law e~^T; the time-constant t may be conveniently called the " modulus of decay," or the " persistency " of the type.
When the normal types and their persistencies have been found, it is an easy matter to find the currents induced by given varying electromotive forces, assuming these to be resolved by Fourier's theorem, as regards the time, into a series of simple harmonic terms. Supposing then that we have an external magnetic system whose potential varies as e^*,w e can determine a fictitious d current over the shell, which shall produce the same field in the interior. If 0 denote the current-function for that part of this distribution which is of any specified normal type, 0 that of the induced currents of this type, it is shown that 0 ipr -1 -f-ipT where t is the corresponding persistency of free currents. When pr is very great this becomes 0 = -0, in accordance with a well-known principle.
This method can be applied to find the currents induced by rota-tion of the shell in a constant field, it being known from Maxwell's < Electricity,' § 600, that the induced currents are the same if we suppose the conductor to be fixed, and the field to rotate in the opposite direction. When the conductor' is symmetrical about the axis of rotation, the current-function of any normal type contains as a factor cos sw or sin stv, where a> is the azimuth, and s is integr zero). When we apply Maxwell's artifice, the corresponding timefactor is eisP(, where p is the angular velocity of the rotation; and we easily find that the system of nduced currents of any normal type is fixed in space, but is displaced relatively to the field though an angle -arc tanpsr s in azimuth, in the direction of the rotation.
In the most important normal types the distribution of current over the ellipsoid is one which has been indicated by Maxwell. ('Electricity,' § 675) as giving a uniform magnetic field throughout the interior. For instance, the axes of coordinates being along the principal axes, u, b, c , we may have .
(3.)
P denoting the specific resistance of the material, and e the small constant ratio of the thickness of the shell to the perpendicular on the tangent plane. There is a difference of electric potential over the shell, viz., we have
where . La-2-M52 "
L, M being obtained from (3) by interchanging a and c, or b and c, respectively. This implies a certain distribution of electricity over the outer surface of the shell. Some special forms of the ellipsoid (e.y., a sphere, or an elliptic cylinder) are considered, and the formula (2) shown to agree with the results obtainable, in these cases, in other wT ays.
Ihe problem of induced currents due to simple harmonic variation of a uniform field, or to rotation of the shell in a uniform and constant field, is then solved ; and the results are found to agree with the general theory above sketched. In the higher normal types the current-function 0 is a Lamp's function, degenerating into a spherical harmonic when two of the axes of the ellipsoidal shell are equal. This case alone is further discussed in the present paper; the persistency of each normal type is found, and various particular cases are considered. Of the special forms which the conductor may assume, the most interesting is that in which the third axis (that of symmetry) is infinitesimal, so that we have practically a circular disk, whose resistance per unit area varies according to the law 
. (n-s
In the most persistent type of free currents we have 1, = 0, and therefore 7
his result is of some interest, as showing that the electrical timeccnstant for a disk of uniform resistance pf must at all events be considerably less than 4*93 a/pf-* # I find by methods similar to those employed by Lord Rayleigh for the approxi mate determination of various acoustical constants, that the true value lies between 2rc/r>/ an(l 2*26 a/p'. For a disk of copper (<o = 1600 C.GKS.)? whose radius is a decimetre and thickness a millimetre, the lower limit gives 0*0014 sec. For disks of other dimensions the result will vary as the radius and the thickness conjointly. I hope shortly to publish the details of the investigation on which these estimates are founded.
Tlie problem of induced currents is then discussed, and I consider more particularly the case of a circular disk, of the kind indicated, rota ting in any constant magnetic field. In view of the physical interest attaching to the question, it would be interesting to have a solution for the case of a uniform disk; but in the absence of this, the solution for the more special kind of disk here considered may not be uninstructive.
As in all our calculations relating to ellipsoids of revolution, we employ elliptic coordinates; viz., seeking the origin at the centre of the disk, and the axis of z perpendicular to its plane, we write
where fi may range from 1 to 0, and £ from zero (its value at the disk) to oo. The magnetic potential Q due to the field may be supposed expanded, for the space near the disk, in a series of terms of the form ) where PB is the zonal harmonic, and pn a similar function in which all the terms are + , instead of alternately + andThe terms for which s -0 are symmetrical a produce no currents, but only a certain superficial electrification, The density of this is calculated for the particular case 1, i.e., for the case of a disk rotating in a uniform field about an axis parallel to the lines of force.
The only terms of the expansion (9) which produce sensible currents in a rotating disk are those tessaral solid harmonics for which n-s is odd. The induced current-function is found to be (taking, say, cos sw in (9) so that the lines of force at the disk are normal to it, but the direction of the force is reversed as we cross the axis of The current-function relatively to axes displaced through the proper angle y in the direction of rotation, varies as
